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INTRODUCTION
A great deal of theoretical effort has been given to calculations based on the so-called Rytov approximation. (-)However, the validity of the Rytov approximation has been questioned by a number of authors. ( 2 , 4 ) In a recent paper Fried ( 5 ) continues to take issue with The scalar wave equation is
where U is a typical component cf the field, k is the optical wave number, and
I
where n 1 is the fluctuating part oi the index of refraction assumed to satisfy In 1 .< 1 and n 1 = 0 (the bar over a quantity indicates the ensemble average of the qtantity).

II. THE SECOND-ORDER RYTOV APPROXIMATION The Rytov transformation consists of setting U exp[!t] in
Eq.
(1) and thus obtaining
(1-3) In the literature it is customary to seek a solution for ' as a power series in n I . Let
where 1c is zero order in nl,i is first order in nl, and so forth. is the Green's futction in the absence of turbulence, which satisfies the outgoing radiation condition at infinity.
Others have failed to obtain a useful workable solution to
Eq. (7) (e.g., Schmeltzer (3)).
It is noted that Eq. wht.. e is given in Eq. (9). Upon substituting Eq. (11) into Eq.
(7, and using Eq. (6), we find
I. -
I5
Let U 0 (r)
• ,nd substitute this into Eq. (12). We find that W satiifies
Hence,
Thus, the sucond-order Rytov approximation is given by Eq. (11), where _2 and W are given by Eqs. (13) and (14), respectively.
The transformation employed to solve Eq. (7) suggests that the solution to Eq. (14) should be equal to the second-order Born approximation.
The Born expansion for U(r) 4 s given by 
and for i I
For i I Eq. (18) gives = -2k dr' G(r r?) nlI(r') UI(r')
Comparing Eq. (14) with Eq. (19), it is seen that to within an arbitrary constant W(r) = U 2 (r). Hence, to within an arbitrary constant the second-order Rytov approximation is given by 
which contains all terms through second order in nl, gives the correct average field, correct phase and intensity statistics, conserves average energy, and satisfies the optical theorem to this order. In the present notation the optical theorem is, through terms of second order in n,, given by 2Rec 2 + Iti 12 = 0 (24)*
In the usual notation the optical theorem is: c -
where c is the total scattering cross section per unit olume and f(O) is the forward scattering amplitude per unit volume.
MiI. VALIDITY CONDITION
To obtain the condition of validity for the Rytov solution U -exp "'O + 1 + V 2 + .. "', it is sufficient to require that each successive term in the expansion of '+ be smaller than the preceding (2) .1
term.
In view of this, and since the various terms -in the expansion of V; are random functions which can be described only in statistical terms, it is assumed that the condition of validity on the Rytov solution is related to the relative magnitude of the square value of successive terms. Therefore, the condition of validity for the Rytov solutions is taken to be . 
